In this work, the potential of the electrospraying technique to obtain food-grade gelatin 15 capsules in the submicron range for sensitive bioactive protection was explored, 16 studying the influence of the protein concentration on the size and morphology of the 17 obtained particles. Gelatin was selected as encapsulating material because, being 18 commonly used as a food ingredient, it possesses unique gelation properties and is 19 commercially available at a low cost. The electrosprayed matrices were used to 20 encapsulate a model antioxidant molecule, (Ð)-epigallocatechin gallate (EGCG). Very 21 high encapsulation efficiencies, close to 100%, were achieved, and the antioxidant 22 activity of the bioactive was fully retained upon encapsulation. The EGCG release 23 profiles showed a delayed release of the encapsulated antioxidant in aqueous solutions. 
to 0.5 mL/h and the voltage was maintained within the range 15-28 kV. The distance 172 between the tip of the syringe and the collector was 10 cm in all cases. 
Statistical analysis 259
A statistical analysis of experimental data was performed through analysis of variance 260 (one-way ANOVA) using OriginPro 8 (OriginLab Corp., Northampton, USA Different material morphologies can be obtained through electrohydrodynamic 275 processing of polymer solutions depending on the process parameters and the solution 276
properties. For food applications, particles rather than fibres are preferred, since they are 277 easier to handle and to subsequently disperse within the food products. Therefore, 278
various concentrations of gelatin were tested in order to optimize the e-spraying 279 Gel5, Gel8, Gel10 and Gel20, respectively) were finally selected, and the processing 286 parameters (i.e. flow rate and voltage) were also adjusted to maximize the production 287 rate while keeping a stabilized jet, thus, avoiding dripping of the solution. The optimal 288 processing parameters found in this study for the different compositions are summarized 289 in Table 1 . the necessary peptide chain entanglements and chain-chain interactions leading to fibre 312 formation. The particle size distributions of the e-sprayed samples (cf. Figure 3 ) 313 reflected a decrease in the particle diameter and greater heterogeneity of capsule sizes as 314 the gelatin concentration decreased. In all cases, the majority of the particles had a size 315 in the submicron range, having their maximum in the nanoscale. 316
Regarding the solution properties, in general, a slight increase in the conductivity of the 317 solutions was observed with the polymer concentration, whereas no significant variation 318 was observed for their surface tension. Therefore, differences in the morphology of the 319 processed materials could be mainly attributed to changes in the rheological properties 320
of the solutions. All tested solutions exhibited a Newtonian behaviour, with a linear 321 relationship between the shear stress and the shear rate in the whole range of study (cf. 322 Figure 2 ) and, thus, the viscosity was calculated from the slope of the shear stress vs. Once the conditions for the production of e-sprayed gelatin capsules were optimized, 340 these vehicles were loaded with EGCG as a model water-soluble antioxidant. The 341 gelatin solution (8% w/v) was prepared as in previous experiments, and EGCG was 342 subsequently added at room temperature to achieve a final theoretical EGCG 343 concentration of 10% w/w in the capsules. The morphology and particle size 344 distribution of the resulting encapsulates was similar to those of their unloaded 345 counterparts (cf. Figure 3) . A very similar morphology with slightly rougher surface of 346 the capsules was observed for the loaded structures, as solution properties were not 347 considerably affected upon EGCG addition (cf. Figure 2) . 348 349
Molecular organization and encapsulation efficiency 350
The e-sprayed gelatin capsules, both unloaded and loaded with EGCG, were 351 characterized by FTIR spectroscopy along with the commercial untreated gelatin and 352
EGCG. 353
The spectrum of commercial gelatin showed its four most characteristic bands centred at 354 No statistically significant differences (p < 0.05) were observed between the inhibition 529 of the absorbance caused by the e-sprayed gelatin matrix (RSA = 3.2 ± 0.2 %) and the 530 solvent blank (RSA= 3.4 ± 0.2 %), so the whole antioxidant activity of the loaded 531 capsules could be attributed to its EGCG content. The antioxidant activity of 532 encapsulated EGCG (RSA = 26.8 ± 0.7 %) was not significantly different from that of 533 free EGCG (RSA = 27.2 ± 1.5 %) either, thus confirming that the encapsulation 534 efficiency was indeed very close to 100%, because the theoretical loading matched the 535 experimental antioxidant activity of free EGCG. These results corroborated the previous 536 estimations obtained from infrared spectroscopy measurements and verified that the e-537 spraying process did not damage the bioactive, as its antioxidant activity was kept 538 intact. 539
The ABTS +• decolourization assay was also used to study the degradation of free and 540 antioxidant activity loss was observed after longer time periods, suggesting that EGCG 558 was fully degraded in PBS after 4 days, even though its degradation products also 559 exhibited some antioxidant activity. In contrast, no significant loss of antioxidant 560 activity was observed for the encapsulated molecule within an observation time of 10 561 days (p < 0.05). This finding proved that the encapsulation system proposed in this 562 work was capable of protecting EGCG from degradation in slightly alkaline solutions. 563 564
Conclusions 565
Gelatin-based encapsulation matrices were produced from food-grade ingredients 566 without the need of employing high temperatures or toxic solvents by 567 electrohydrodynamic treatment of gelatin solutions in diluted acetic acid. The 568 electrospraying process was initially optimized in order to obtain neat particles, almost 569 free of fibrils, to facilitate handling and dispersion into food products. Pseudo-spherical 570 particles with mean sizes in the submicron range were obtained. The potential of these 571 particles to be used as edible carriers for the encapsulation and protection of a model,particles with a theoretical antioxidant loading of 10% w/w. Infrared spectroscopy and 574
ABTS
+ assays revealed that the encapsulation efficiency of the system was very close 575 to 100%, much higher than that reported for other encapsulation systems for the 576 protection of catechins. Moreover, the radical scavenging assays proved that 577 encapsulation by the e-spraying technique did not damage the bioactive compound, as it 578 retained its antioxidant activity intact. Additionally, this work also proved that the 579 obtained gelatin capsules were capable of stabilizing EGCG against degradation in 580 aqueous solution (pH = 7.4), as its antioxidant activity was better preserved in this 581 media when encapsulated than in its free form. This stabilization can be attributed to 582 both the delay of its dissolution in aqueous media, as observed in the in-vitro EGCG 583 release assays, and to the intermolecular interactions which were established between 584 the active molecule and its encapsulating matrix. The overall results presented in this 585 work demonstrate, for the first time, the potential of electrosprayed gelatin particles to 586 be used as encapsulation matrices for polyphenols with application in the development 587 of functional foods. 
